. Material is supplied to these debris flows by detachment and transport of the bed material but 46 also through lateral erosion of the channel bed. The channel can be partly or totally blocked by 47 landslide dams. High run off discharges eroding these landslide dams can also lead to initiation 48 and rapid grow of debris flows ([10-12] . Landslide damming can also be initiated by rapid incision 49 of the channel bed destabilizing the side walls [13] . With infiltrating driven triggering mechanisms, 
72
Meteorological thresholds for the initiation of debris flows are closely related to the process of 73 initiation. In many studies about these meteorological thresholds, no clear distinction was made 74 between the types of triggering ([27] . The assessment of these thresholds in relation to various 75 morphometric and geological factors was made in most cases using statistical techniques [28] [29] [30] .
76
Until now only isolated aspects of the hydrological triggering system of debris flows has been 77 studied. There is a need for a comprehensive frame work which gives insight in the controlling 78 factors for the evolution of different triggering systems in upstream channels of debris flow gullies.
79
Therefore this paper will try to give answers on the following questions: 
86
In order to answer these questions we have carried out a number of flume tests to detect the 87 conditions for different types of hydro-mechanical triggering mechanisms of debris flows (Section 88 2). Based on the process information revealed by these experiments we will develop an integrated 89 hydro-mechanical model describing these triggering processes (Section 3). The model will be 90 calibrated and validated using indicator values obtained from the processes measured in the flume
91
(Section 4). Virtual model simulations will be carried out in a schematic hypothetical source area of 92 a catchment to make a frame work of the type and sequence of these triggering processes as a .
Flume tests to reveal types of debris flow triggering

Set up of the flume experiments
100
A flume was designed to see whether we could simulate in an1D frame work the initiation of Table I . Hydro-mechanical characteristics of three types of bed material, used in the flume tests.
110
Friction means friction angle of the material in degrees. D30/50 means that 30/50% of the sample has a
111
lower diameter than what is indicated in the column.
119
Figure 2: Cumulative grain size distribution of the three bed materials, used in the flume tests
120
The friction of the three materials was measured with the conventional direct shear apparatus
121
[31]. The hydraulic conductivity of saturated cylindrical soil samples of the three grainsizes was 123 Table I gives further information about the friction, hydraulic conductivity and gradient of the 
199
First we have to simulate the hydrological component of the triggering mechanisms of debris flows.
200
For that we need the mass balance equation for overland (Eq.(1a) ) and through flow (Eq.(1b)) ,
201
which is given by : 
227
where n is Manning's n and S0 the slope gradient of the bed material.
228
For subsurface flow we can write according to Darcy's law: 239
242
The 1D model is implemented in a fixed Eulerian frame where the variation in water flow
243
variables is described at fixed coordinate points at a distance x along the slope as a function of 
248
To simulate the initiation of debris flows by mass failure we used the equation for the infinite 249 slope equilibrium model [31] , which is the trigger for failure:
where F is the safety factor; failure occurs when F=1; s and w are the saturated bulk density of the 254 material and water respectively; is friction angle of the material; z and hs are the thickness of the 255 soil and the height of the groundwater layer respectively hs can be solved with Eq. (9) and Eq. (6) 256 respectively.
257
The overall stability of the bed material expressed with the safety factor (F) for the infinite 
277
The integrated model developed in this section is able to describe the different types of hydro-278 mechanical triggering mechanisms for debris flows. It delivers us the physical parameters, which 279 controls these processes, which will be applied in our virtual simulations in Section 5 and 6
280
In the next section (4) we will calibrate our model on some process indicator values obtained from Table II ).
302
Despite the malfunctioning of some pore pressure sensors we were able to make a 1:1 303 comparison between the average maximum measured pore pressure for the three sensors ( 
338
The calibration revealed that qc in Eq. (11) 
341
We may conclude that the model is able to predict in a reasonable way essential process 
367
The sink term B in (1) and (8) is now adapted to the field scene and given by: 
399
were used in our simulations to study the effect of these parameters on the hydro-mechanical 400 process development at the catchment scale. For these simulations two rain scenarios were used
401
with an intensity of 80 mm (Table IVa) and 40 mm per hour (Table IVb) 
408
water until failure of the bed material, which happens between 1.7 and 11.2 minutes depending on 409 the slope and Ks. In Table IVa 
423
Going back to Table IV 469 initiation by Hortonian overlandflow (RhE-I) and bed failure (BF-I). As we have seen in Table IV 470 and V, debris flow initiation by Saturation overland flow (RsE-I) can only take place around 16 471 degrees At lower slope angles sediment concentrations are too low to call it a debris flow (Table IV) .
472
At higher slope angles we have bed failure before Saturation overland flow can take place. 
478
and on x-axis the duration. In this way an Intensity Duration (ID) curve can be constructed. Table III 
501
The most obvious selected parameter for overland flow initiation is the hydraulic conductivity
502
Ks . Other parameters are related to geometry of the source area (see Figure 6) Table III . 
599
The CN value, which we used in the simulation of overland flow on the contributing slopes, 600 reflects in a lumped way the dynamic soil and land use characteristics. Especially the amount of 601 storage of water before the time to ponding and thus the estimate of the total overland flow 602 production of a rain event can be rather inaccurate especially for rain events with shorter durations.
603
The use of a more detailed infiltration model incorporating the effect of the initial moisture content 604 will give better predictions. However in this paper we did not unravel in detail the effect of these 
611
In this paper we mentioned the transport capacity of overland flow as a limiting factor for the 
Conclusions
627
We could distinguish in our flume tests three types of hydro-mechanical processes which may 
639
Therefore the slope gradient of the channel bed is a second important factor controlling the type of 640 hydo-mechanical triggering. On gentler slopes which remain stable under saturated conditions,
641
Saturation overland flow might create debris flows if slope gradient is not too gentle and therefore 642 sediment concentration too low to call it a debris flow.
643
We further analyzed also the effect of different important morphometric and hydro- 
